Mouse serosal mast cells (SMCs) and Kirsten sarcoma virus-immortalized mast cells store large amounts of mast cell carboxypeptidase A and serine proteases in their secretory granules. Secretory granule proteins from 2.6 X 106 purified SMCs were separated by NaDodSO4/PAGE, transblotted to poly(vinylidine difluoride) membranes, and subjected to amino-terminal amino acid sequencing. Four distinct mast cell serine proteases were identified. With mast cell carboxypeptidase A, these serine proteases comprise the major proteins of mouse SMC secretory granules. Each of the four SMC serine proteases was distinct from the two serine proteases present in mucosal mast cells in the intestines of helminthinfected mice. The secretory granules of a Kirsten sarcoma virus-immortalized mast cell line contained three of the SMCderived serine proteases and one of the mucosal mast cellderived serine proteases. Thus, the family of mouse mast cell secretory granule serine proteases has at least six distinct members that can be expressed in different combinations in different mast cell populations.
Serine proteases are major constituents of the secretory granules of mouse (1) (2) (3) , rat (4) (5) (6) , dog (7, 8) , and human (9, 10) mast cells, and two or three distinct serine proteases have been identified in the mast cells of each species. Rat mast cell protease (RMCP) I, the first mast cell secretory granule protease to be biochemically characterized, was called "chymase" because of its chymotrypsin-like substrate specificity (4, 11, 12) . RMCP-I was isolated from rat serosal mast cells (SMCs), which are found unattached in the peritoneal cavity. By several criteria, SMCs resemble connective tissue-type mast cells found in skin and muscle (13) . A second chymotrypsin-like enzyme, termed RMCP-II, was subsequently isolated from the intestines of helminth-infected rats and shown by immunohistology to be localized in intestinal mucosal mast cells (MMCs) (14) . The MMC population is greatly expanded in the intestinal mucosae of animals with intestinal worm infections (15, 16) . Based on the amino acid sequence of the isolated protein (17) and the deduced amino acid sequence of the gene (18) , RMCP-II is predicted to be translated as a preproenzyme. After removal of an 18-amino acid hydrophobic signal peptide, two amino acids (Glu-Glu) are cleaved from the amino terminus of the proenzyme, leaving the mature protease with an amino-terminal amino acid sequence of Ile-Ile-Gly-Gly. Tryptic enzymatic activity has also been detected in the secretory granules of rat SMCs (6) . "Tryptase" has been purified from human and dog mast cells, and cDNAs that encode these two serine proteases have been isolated (8, 19) . The mature form of tryptase from both human and dog mast cells has an amino-terminal amino acid sequence of Ile-Val-Gly-Gly (8, 19) .
In the mouse, two distinct chymotrypsin-like serine proteases of 26 and 28 kDa, designated mouse mast cell protease (MMCP)-1 and MMCP-2, respectively, have been identified and shown to be selectively expressed in MMCs (2, 3, 20) . A cDNA that encodes MMCP-2 has been isolated and characterized (3) from a Kirsten sarcoma virus-immortalized mast cell (KiSV-MC) line (21) . Similar to RMCP-II, MMCP-2 is predicted to be synthesized as a preproenzyme that undergoes proteolytic processing at its amino terminus to form a mature enzyme with an amino-terminal amino acid sequence ofIle-Ile-Gly-Gly (3) . Mouse SMC secretory granules contain the metallo-exopeptidase mast cell carboxypeptidase A (22, 23) and an undetermined number of serine proteases.
Here we describe the identification and amino-terminal amino acid sequencing offour serine proteases that are major protein constituents of the secretory granules of mouse SMCs. The (21) . Alcian blue/safranin color scores were based on a value of 1 for all blue (safranin-) granules and a value of 5 for all red (safranin+) granules (21 
RESULTS

Identification of Serine Proteases in the Secretory
Granules of KiSV-MCs. Fifteen KiSV-MC lines were shown (21) to represent mouse mast cells at various stages of differentiation, based on their different degrees of safranin staining and expression of biochemical markers such as histamine, heparin proteoglycans, and mast cell carboxypeptidase A. When four of the KiSV-MC lines were examined for chymotryptic and tryptic esterase activities, cell lines that more closely resembled SMCs in their alcian blue/safranin histochemistry (color score >3) had the highest levels of these enzyme activities (Fig. 1, lanes 1 and 2) . NaDodSO4/PAGE analysis of whole cell sonicates showed that the KiSV-MC lines containing the highest chymotryptic and tryptic esterase activities also contained the largest amounts of several prominent proteins that migrated at 28-32 kDa under reducing conditions (Fig. 1) . To identify putative serine proteases, a whole cell sonicate of KiSV-MC5 cells was incubated with the [3H]DFP and subjected to Tricine/NaDodSO4/PAGE under reducing conditions. The prominent 28-to 32-kDa proteins in KiSV-MC5 (Fig. 1) were thus resolved into four Amino-Terminal Amino Acid Sequencing of Mouse Mast Cell Seine Proteases. Secretory granules were purified from 1.5 x 107 KiSV-MC5 cells and subjected to preparative Tricine/NaDodSO4/PAGE under reducing conditions. The secretory granule proteins were then transblotted onto a poly(vinylidine difluoride) membrane and stained with Coomassie blue. Under these conditions, the prominent 28-to 32-kDa proteins identified previously in whole cell sonicates of KiSV-MCS cells copurified with the secretory granules and again resolved as four discrete bands at 28, 29, 31, and 32 kDa (Fig. 2B, lane 1) . To determine which of the prominent KiSV-MC secretory granule proteins were also serine proteases in KiSV-MC5 granules revealed each to be a distinct protein, and they were designated MMCP-4, MMCP-5, and MMCP-6, respectively. MMCP-4, MMCP-5, and MMCP-6 were also present in SMC granules, since the (Table 1) .
KiSV-MC5 I I G G T E X I P H S R P Y M A Y L E I V T S E 31
SMC I I G G T E X I P H S R P Y M A Y L E I V T S E N Y L[S]A[R] MMCP-6 32 KiSV-MC5 I V G G H E A S E S K W P W Q V S L R F K L N 32 SMC I V G G H E A S E[S]K X P X Q V
DISCUSSION
The secretory granules of mouse KiSV-MCs were found to contain four prominent proteins of 28, 29, 31, and 32 kDa (designated MMCP-2, -4, -5, and -6, respectively) (Fig. 2B) that differed in their amino-terminal amino acid sequences (Table 1 ). These proteins were serine proteases by four criteria: they bound the serine protease inhibitor [3H]DFP (Fig. 2A) ; their molecular weights were in the range of other mast cell serine proteases (Figs. 1 and 2B) ; they each had an amino-terminal amino acid sequence of Ile-(Ile or Val)-Gly-Gly (Table 1) ; and increased levels of tryptic and chymotryptic esterase activities were found in KiSV-MC lines that had the highest contents of these proteins (Fig. 1) . Furthermore, the complete amino acid sequence of MMCP-2 deduced from its cDNA (3) contains the His/Asp/Ser charge relay triad that is characteristic of all serine proteases (14) .
Like KiSV-MCs, the secretory granules of SMCs contained proteins of 28, 29, 31, and 32 kDa (Fig. 2B) (20) . This family of at least six mouse mast cell serine proteases is similar in its complexity to the distinct but homologous family of serine proteases that has been identified in the granules of mouse cytotoxic T lymphocytes (36) (37) (38) (39) .
Previously described mast cell serine proteases have been classified as chymotryptic or tryptic based on their substrate specificities and predicted substrate-binding regions. Based on their known complete amino acid sequences, MMCP-1 (20) and MMCP-2 (3) strongly resemble both of the rat mast cell chymotryptic proteases RMCP-I and RMCP-II in their predicted substrate binding regions and their amino termini.
The amino-terminal amino acid sequences of MMCP-3, -4, and -5 presented here have 95%, 100%o, and 74% identity, respectively, with RMCP-I. Thus, it is likely that MMCP-1, -2, -3, -4, and -5 are chymotryptic in their substrate specificities. The amino terminus of MMCP-6 has 70%o identity to human lung mast cell tryptase (19) and has no more than 33% identity with MMCP-1, -2, -3, -4, or -5. Thus, it is likely that MMCP-6 is a mouse homologue of the human (19) and dog (8) mast cell tryptases.
None of the SMC-derived serine proteases has an amino acid sequence identical to the two MMC enzymes (MMCP-1 and -2) (3, 20) , and, therefore, mouse MMCs and SMCs can be distinguished by their serine protease contents. We have reported (3) that the gene that encodes MMCP-2 is not expressed in interleukin 3-dependent mouse BMMCs, even though BMMCs can give rise to MMCs when injected into W/W' mast cell-deficient mice (40) . This finding indicated that MMCP-2 is probably expressed late in MMC differentiation. The mouse splenocyte-derived cell line KiSV-MC5 resembles mouse SMCs in histochemistry, histamine content, biosynthesis of [35S]heparin proteoglycans, mast cell carboxypeptidase A content (21) , and content of MMCP-4, -5, and -6 (Table 1) . However, KiSV-MC5 cells differ from SMCs in that they do not express MMCP-3 (Table 1 ) but rather express the MMC protease MMCP-2 (3). Because a well-differentiated mast cell line can prominently express both SMC and MMC proteases, it is possible that mouse mast cells in vivo display a greater diversity ofphenotypes than has been recognized to date.
Classification of mast cell populations based on immunohistology with a limited number of anti-protease antibodies may underestimate mast-cell diversity. The amino-terminal amino acid sequences of the identified mouse mast cell serine proteases have revealed substantial regions of sequence identity between the various proteases [e.g., residues 9-16 of MMCP-1, -2, -3, -4, -5, and -5' (Table 1) ]. When the complete amino acid sequences of MMCP-1 and MMCP-2 were compared, >65% overall sequence identity was found (3, 20) . In studies of rat mast cell protease expression, Gibson and Miller (41) demonstrated that antisera to RMCP-I and RMCP-II must be cross-absorbed to prevent cross-reactivity. Therefore, the demonstration of a high degree of specificity of anti-mast cell protease antibodies will be necessary for future studies of mouse mast cell protease expression and mast cell phenotype. The development of a panel of nucleic acid probes for these mast cell secretory granule enzymes will likewise require demonstration ofthe gene specificity ofeach probe. The characterization of a large number of mouse mast cell secretory granule proteases that are differentially expressed in different mast cell populations should eventually permit studies addressing the molecular mechanisms of mast cell protease gene expression and of mast cell phenotypic heterogeneity.
